ABSTRACT Aim: The aim of this study was to investigate differences in mortality up to 1 year of age in extremely preterm infants (before 27 weeks) born in seven Swedish healthcare regions.
INTRODUCTION
Perinatal and neonatal mortality due to extremely preterm birth has decreased during recent decades. Mortality rates of 50% or less for infants born at or below 24 weeks of gestation (1) (2) (3) (4) are reported as a result of increased Variations in both practice and outcome are common in all domains of medicine, including the care of mothers and children. However, few population-based studies analyse the variations in survival of infants born extremely preterm (8, (11) (12) (13) . The MOSAIC study evaluated very preterm mortality and morbidity in 10 European regions (11) : among foetuses alive at the onset of labour at 24-27 weeks of gestation, the rates of infants born alive varied from 84% to 99% between regions and survival to discharge home ranged from 42% to 81%. In the Canadian NICU network, there were variations in clinical practice and survival rates (72-100%) of infants with birthweights 750-999 g between neonatal intensive care units (13) . Despite the highly regionalised and accessible system of neonatal perinatal care, survival differences occurred.
Between 1990 and 1999 in Sweden, H akansson et al. (8) found variations in survival between healthcare regions in infants born at 22-25 weeks; in regions with better survival, the differences were attributed to a positive attitude to perinatal intervention. Since then, the EXPRESS study in Sweden (3) , which includes all infants alive at onset of labour born at <27 weeks of gestation during a 3-year period, has reported higher survival rates than similar national or international studies. Moreover, the national guideline from the 1990s recommending a restrictive attitude to deliveries occurring at 25 weeks or less has been substituted with regional guidelines adopting a more individualized approach to the management of extremely preterm births.
Monitoring of variations in mortality rates is important as they indicate changes in practice that might improve outcome. The aim of the present EXPRESS study was to examine possible regional differences in mortality up to the age of 1 year for infants born extremely preterm (below 27 weeks of gestation) in Sweden, after adjusting for demographic differences. Outcome was considered the result of a continuum of care, starting with the admission for delivery of a mother with a live foetus and ending with outcome at 1 year. The hypothesis was that mortality rates would differ between regions, particularly for the most immature infants.
STUDY POPULATION AND METHODS

The EXPRESS cohort
In the national EXPRESS study (Extremely Preterm Infants in Sweden Study), perinatal and neonatal data were collected prospectively (during a 3-year period, [2004] [2005] [2006] [2007] on all 1011 infants born before 27 completed weeks of gestation (3) . Live-born infants (n = 707) and stillbirths (n = 304) with gestational ages (GA) 22 + 0 to 26 + 6 weeks were defined according to the recommendations by the World Health Organization (WHO) (14) . The only exclusions were terminations of pregnancy and infants born abroad and transferred to Sweden for neonatal care. The details of the study design, gestational-age-specific survival rates up to 1 year (3) and neonatal morbidity rates (15) are published elsewhere. The mortality rate for the total cohort (22-26 weeks) was 30% (3) . For the subcategories used in the present study, the mortality rate was 48% for infants born at 22-24 weeks and 17% for infants born at 25-26 weeks (3).
All Swedish obstetric departments and associated neonatal wards, at all levels of perinatal care, participated in the EXPRESS study. Data collection and quality control were organized by obstetric, paediatric and ophthalmic study coordinators at the seven Swedish healthcare regions. In all seven regions, data were validated through internal and external comparison with patient records in randomly selected samples, and we did not find differences in the quality of data between the regions. The data were electronically transferred to a central EXPRESS database with 220 variables, including demographic characteristics, information on medical and obstetric history, pregnancy course, labour and delivery, and infant data until discharge home or up to 180 postnatal days for infants who were still hospitalized. A list of variables analysed in this study is shown in the supporting information (Table S1) .
Data were collected continually throughout the chain of care for all infants who were transferred between departments or hospitals, and information on survival at 1 year was obtained through linkage with the Swedish population register. In 95% of pregnancies, GA was estimated according to the ultrasound performed before 20 postmenstrual weeks: there were no differences between regions regarding the use of ultrasound dating (data not presented). In 664 infants, information was available on GA estimations both by ultrasound and according to the last menstrual period. Median GA estimated by ultrasound was 3 days shorter than GA estimated based on the last menstrual period; however, there were no differences between the healthcare regions (range 2-4 days). Birthweight (BW) standard deviation scores (SDS) were calculated according to the national intrauterine growth standard based on ultrasonically estimated foetal weights (16) . Infants with SDS < À2, that is, BW more than 2 SD below the mean, were classified as small for gestational age (SGA).
Preterm prelabour rupture of membranes was defined as spontaneous rupture of the membranes >1 h before the onset of contractions. Pre-eclampsia was defined according to standard criteria. Chorioamnionitis was diagnosed clinically. A mother was considered to have received 'any' antenatal corticosteroids if she had been given at least one 12 mg dose of betamethasone, and a 'complete course', if two doses of betamethasone were given, and the interval between the first dose and delivery was 24 h or more. Delivery after induced labour or as a prelabour caesarean section on maternal and/or foetal indication was defined as iatrogenic vaginal or caesarean delivery.
Information on maternal smoking, obtained at the first antenatal visit, was dichotomised as smoking/nonsmoking. Intraventricular haemorrhage (IVH) was graded according to Papile et al. (17) , and periventricular leucomalacia (PVL) was defined according to de Vries et al. (18) . Severe brain injury was defined either as IVH ≥ grade 3 or as the presence of cystic PVL (cPVL) on ultrasound, with scans read locally by radiologists. Ophthalmological screening for retinopathy of prematurity (ROP) began during the fifth postnatal week and continued weekly or biweekly until the retina was completely vascularized or ROP had regressed. ROP was defined according to the International Classification for ROP (19) . Bronchopulmonary dysplasia (BPD) was defined as the need for supplemental oxygen at 36 weeks of GA, and severe BPD was defined as the need for at least 30% oxygen at that time. Major neonatal morbidity was defined as having at least one of severe brain injury, ROP ≥ stage 3 or severe BPD. Neonatal illness severity was estimated with the clinical risk index for babies (CRIB) (20) . Congenital anomalies were classified according to the WHO International Classification of Diseases, 10th revision: dislocation of the hip (Q65.0-Q65.5), preauricular tags (Q17.0), undescended testes (Q53.0-Q53.9) and patent ductus arteriosus (Q25.0) were not classified as anomalies.
Study groups and outcome measures
The study cohort was categorized into four subgroups:
1 Foetuses alive at mother's admission for delivery (n = 844), assessed for GA-specific stillbirth rates, perinatal mortality and 365-day mortality. In this subgroup, the 365-day mortality included stillbirths (median admission to delivery time 2 days; interquartile range 0-5 days) and infants born alive (median admission to delivery time 2 days; interquartile range 0-2 days) who died before the age of 1 year. 2 Infants born alive (n = 707), assessed for GA-specific mortality before the first 12 h after birth and 365-day mortality. 3 Infants alive at 12 h (n = 608) and assessed for GAspecific 365-day mortality. 4 Infants who survived at least 365 days (n = 497), assessed for major neonatal morbidity.
The outcomes relate to the region of birth. Few mothers (<5%) delivered outside their region of domicile, mostly due to temporary stay outside the region or to shortage of neonatal intensive care beds in the region of domicile.
Healthcare regions Sweden has 9.5 million inhabitants and is divided into seven healthcare regions.
Approximately 100 000 deliveries take place each year at 42 obstetric departments, and home deliveries are extremely rare. Each of the seven regions is served by one level III perinatal centre, to which high-risk pregnancies and very preterm births are recommended to be transferred. There is no national guideline regarding the management of extremely preterm infants. However, regional guidelines, based on professional consensus, do exist. The characteristics of the healthcare regions (Table S2 ) reveal a wide variation in area (range 9.7 9 10 3 -236.4 9 10 3 km 2 ), population size (range 0.56-2.1 million) and population density (range 3.7-216 per km 2 ). The Stockholm region also differed in population education and income. The map of Sweden including the seven healthcare regions is shown in Figure 1 .
Statistics
Categorical variables were analysed with either Fischer's exact test or chi-square test, as appropriate. Where specified, adjustments were made for GA (entered as a secondgrade polynoma in analyses based on three or more GA groups, otherwise entered as a continuous, linear variable), multiple birth (yes/no), infant gender (male/female) and birthweight SD score (entered as a continuous linear variable). Maternal characteristics were not included in the multiple logistic regression models as we found no association between maternal characteristics and survival (data not shown), and previously (15), we did not find associations between maternal characteristics and neonatal morbidity among survivors. ' The R 2 statistics' was used to show to what extent regional differences contributed to the overall variance in mortality or morbidity. Statistical analyses were performed with Gauss (Gauss TM ; Aptech Systems Inc., Maple Valley, WA, USA).
The Regional Research Ethics Board at Lund University approved the study. Parents were informed and consented to the data acquisition and study purposes. 
RESULTS
Regional group characteristics
Maternal characteristics for the 844 foetuses alive at mother's admission for delivery are presented in Table 1 . Except for minor variations in the distribution of maternal age and foetal gender, there were no differences between the regions.
In the total cohort of infants born alive (n = 707), mean (SD) GA was 25 (1.3) weeks and mean (SD) BW was 709 (196) g. Infant characteristics according to the healthcare region are presented in Table 2 . There were differences in the rate of SGA and low Apgar scores (<4) at 1 and 5 min. However, there were no differences in mean GA, mean BW or rate of multiple births.
Perinatal practices
The variation in the rates of obstetric intervention between regions was wide and statistically significant (p < 0.05), except for the use of tocolysis (p = 0.06; Table 3 ). The proportion of infants delivered at level III hospitals varied between 68% and 86%. After exclusion of the € Orebro region (too few cases), the proportion of infants receiving a full course of antenatal steroids ranged from 40% to 72%. There were considerable variations in the rate of neonatal interventions (p < 0.05). After exclusion of the € Orebro region (too few cases), the proportion of infants receiving surfactant varied from 35% to 73% and the rate of intubation at birth ranged from 36% to 75%.
Outcomes
Crude mortality rates for the total cohorts (22-26 weeks) and for the subgroups (22-24 weeks and 25-26 weeks, respectively) are displayed according to the region in Table 4 .
In foetuses alive at mother's admission for delivery and delivered at 22-26 weeks, the rate of stillbirth ranged from 8.2% to 22% (p = 0.06), perinatal mortality rate ranged from 22% to 46% (p < 0.01), and 365-day mortality ranged from 31% to 54% (p = 0.12). For the 22-to 24-week group, regional variations in mortality were wide and all outcomes differed (p < 0.001). There were no regional mortality differences in the 25-to 26-week group.
In infants born alive at 22-26 weeks (Table 4) , the 365-day mortality rate ranged from 18% to 43% (p = 0.02). In the 22-to 24-week group, the 365-day mortality difference between regions was wider and significant (p < 0.001). There were large regional differences in the rate of death before 12 h after birth in both the total cohort (p < 0.01) and the 22-to 24-week group (p < 0.001), but only trivial and nonsignificant differences in 365-day mortality between infants alive at 12 h. The rate of major neonatal morbidities between survivors at 1 year did not differ between the regions.
Adjusted odds ratios (ORs) for death at various times for foetuses that were alive on the mother's admission for delivery in seven healthcare regions are presented in Figure 2 , with Stockholm as the reference region. Significant ORs are shown in Table 5 . The risk for stillbirth was lower in the Uppsala region, and the risk for perinatal death and death before 365 days was lower in the Uppsala and Ume a regions compared with the reference region. The stillbirth risk was increased in the G€ oteborg region. There were no significant differences between infants born at 25-26 weeks. Complete crude and adjusted ORs are presented Table 1 Maternal and foetal characteristics of pregnancies with foetuses alive (n = 844) at mother's admission for delivery in the supplementary information (Table S3 ). The adjusted proportion of the variation that could be explained by regional differences varied from 2% to 10% (Table S3) . Among infants born alive, the risk for death before 365 days was lower in the Uppsala and Ume a regions and the risk for death before 12 h was lower in the Uppsala, Ume a and Lund regions compared with the reference region (Table 5, Figure 3 ). Most differences were confined to the 22-to 24-week group; there were no significant differences for the 25-to 26-week group for any of the outcomes. Complete crude and adjusted ORs are presented in the supplementary information (Table S4 ). The adjusted proportion of the variation that could be explained by regional differences varied from 5% to 13% (Table S4) .
When deaths before 12 h were excluded, no differences in the 365-day mortality risk remained between the 608 infants still alive for the total cohort or the subgroups born at 22-24 weeks and 25-26 weeks. In a separate analysis, the risk for death was adjusted for CRIB scores. The ORs were similar to our previous findings, and there were no regional differences in the 365-day mortality risk for infants alive at 12 h. The risk for major neonatal morbidity among infants alive at 365 days was lower in the Ume a region among infants born at 22-24 weeks (Table 5, Figure 3) ; no other differences were seen.
DISCUSSION
In a national cohort of extremely preterm births in Sweden, wide regional variations in the risk for stillbirth, perinatal death and 365-day mortality existed, despite the mortality rate in the whole population being lower in the EXPRESS study (3) than in comparable population-based studies (1, 2, 11, (21) (22) (23) . However, there were no indications that regions with lower mortality rates had an increased rate of major neonatal morbidity, measured as a composite morbidity outcome of either severe brain injury, ROP stage 3 or more, or severe BPD.
Variations in perinatal and neonatal outcome are reported between centres (4,9,10,13), regions (2, 8, 12) and regions within various countries (11) . For infants with birthweights 401-1000 g admitted to the Neonatal Research Network of the National Institute of Child Health and Human Development (NICHD) centres, Vohr et al. (10) found striking differences in survival (range 51-72%) between centres. In the Canadian NICU network, Lee et al. (13) observed variations in the practices and survival (72-100%) of infants with birthweights 750-999 g between neonatal intensive care units, and the Swiss Neonatal Network reported considerable centre-to-centre variation between infants born at <26 weeks (the standardized survival ratios ranged from 0.8 to 1.4) (9). The MOSAIC study evaluated very preterm mortality and morbidity in n/N = number of events/total number in group. *Includes any of retinopathy of prematurity stage ≥3 (19), intraventricular haemorrhage grade ≥3 (17), cystic periventricular leucomalacia (18) , severe bronchopulmonary dysplasia (need for at least 30% oxygen at 36 weeks of corrected age).
10 European regions (24) and noted large differences between European regions in obstetric practices that were related to outcome, especially at 24-25 weeks. In Sweden, H akansson et al. (8) found an increased survival (OR 2.5; 95% CI 1.7-3.6) in infants born at 22-25 weeks during 1995-1999 in the two northern healthcare regions than in the remaining five regions. In the present study, the total cohort was divided into two GA groups, 22-24 weeks and 25-26 weeks, and most differences in mortality risks occurred within the 22-to 24-week group. There were no differences in any outcome for the 25-to 26-week group. There were wide variations between regions for the risk of stillbirth, perinatal death and 365-day mortality in the cohort of foetuses alive at mother's admission for delivery at 22-24 weeks. For example, in the 22-to 24-week group, the adjusted OR for stillbirth ranged from 0.3 (95% CI 0.1-0.9) to 2.4 (95% CI 1.0-5.2) between regions, compared with the reference region. Similarly, wide variations between infants born alive at 22-24 weeks were found: the adjusted OR for the region with the lowest risk for 365-day mortality was 0.3 (95% Cl 0.1-0.7), compared with the reference region. The magnitudes of the regional variations in mortality were similar to, or frequently much larger than, the reported effect sizes of many routinely used interventions, such as surfactant administration, antenatal corticosteroids or centralization of perinatal care (5) (6) (7) .
In agreement with the study by H akansson et al. (8) , the differences in mortality risks between regions were nullified when early deaths (<12 h) were excluded. This suggested that different mortality rates were predominantly accounted for by different practices regarding delivery, resuscitation, initial stabilization at birth and during the first hours after admission to the NICU. As we assumed that variations in perinatal and neonatal practices would be a major determinant of outcome, mortality risk was only adjusted for biological factors. However, when the cohort of infants alive at 12 h was adjusted for CRIB score, there were no differences in 365-day mortality risk, compared with the unadjusted risk.
Under the Swedish healthcare system, all people living or working in the country have equal access to heavily subsidized health care, which is taxpayer-funded, and all inhabitants are covered by a general health insurance. Antenatal care is standardized, free of charge and utilized by almost 100% of pregnant women. The organization and availability of perinatal care, including technical equipment and expertise at regional level, is similar in all seven healthcare regions in Sweden. Therefore, the prerequisites for providing advanced neonatal care to extremely preterm infants are uniform throughout the country, contrary to the situation in some other countries, for example, the United States (25) .
Many studies reporting variations in outcome comprise populations that are more heterogeneous (4, (10) (11) (12) than the Swedish population. With the exception of income in the Stockholm region, the region-specific differences were small with respect to educational achievement and income, and maternal background, demographic and pregnancy data, and infant characteristics were similar. As Sweden is a homogenous country without extreme poverty or large regional differences in ethnic composition, variations in regional outcomes are unlikely to be attributed to differences in healthcare organization or population characteristics. In the total EXPRESS cohort (3), intrapartum death rate (6.5%) and 365-day mortality in infants born alive (30%) were lower than in similar population-based studies (1, 2, 11, (21) (22) (23) . With the homogeneity of the background data and the overall favourable outcome, the wide variations in mortality are conspicuous.
The EXPRESS study has previously reported considerable neonatal morbidity among surviving infants (15) . However, in the present study, and in agreement with some studies (8, 9, 26) , but not all (27, 28) , no evidence was found to support the notion that regions with lower mortality risk would have an increased risk for survival with major neonatal morbidities measured by the composite outcome of neonatal morbidity used.
As in other studies (8, 13, 24, 27) , a wide variation in the use of obstetric and neonatal interventions around the time of birth was found. This finding might reflect that most perinatal interventions involving extremely preterm births are not standardized or evidence-based and that perinatal management is influenced by the perception of the longterm neurodevelopmental outcome, which is a matter of both concern and controversy (2, 29) .
To be able to compare preterm birth outcome data in different regions, it is crucial that the estimation of GA is comparable between regions. In the EXPRESS study, ultrasound dating was performed for almost all pregnancies (95%), without differences in prevalence between regions. Median GA estimated by ultrasound was shorter than LMPbased estimations, but the regional difference between the two methods were similar. Thus, it is reasonable to assume there were no systematic regional differences in the estimation of gestational length.
The strengths of this study were the prospective enrolment of all births before 27 gestational weeks in Sweden, including intrapartum stillbirths, the cohort was stratified by GA estimated by ultrasound in practically all pregnancies, and mortality was determined at several times up to 1 year of age. The study was conducted in a uniform society, which minimized differences in outcomes related to nonmedical factors. In addition, the regional mortality rates were adjusted for a large number of possible confounders. One limitation was that stratification of the births by region rendered smaller numbers with subsequently larger confidence intervals for several estimates. Despite this limitation, differences between regions were detected. Indeed, due to lack of power, the degree of variation might have been underestimated. On the other hand, we performed multiple testing, and some associations considered significant might have occurred by chance. However, the associations were very consistent; most differences occurred in the 22-to 24-week gestational age group, and the same two regions had lower mortality risks in most of the comparisons. Thus, we believe that the regional differences in mortality found in our study represent true findings.
In summary, there were wide regional variations in mortality rates up to 1 year between extremely preterm infants. These differences, both in the population comprising foetuses alive at mother's admission for delivery and in the population of infants born alive, were present in the most immature group of infants, born at 22-24 weeks. The regional mortality differences arose early in life (<12 h) and persisted to 1 year of age. The motives for restrictive treatment policies relate to concerns about the burdens of poor long-term outcomes. We have recently shown, however, that the outcome at 2.5 years of the EXPRESS cohort was favourable compared with studies with lower survival rates, despite perinatal care in the EXPRESS study being more proactive (30) . The present study shows that the rates of obstetric and neonatal interventions around birth vary between the Swedish healthcare regions; these differences may account for the regional variations in survival. Further analyses are underway to explore this relationship and to ascertain that the favourable short-term outcomes achieved in regions with high intervention rates translate into lasting long-term benefits. Outcomes were adjusted for gestational age (weeks) and (weeks 2 ), multiple birth (yes/no), gender and birthweight standard deviation score (16) . n values can be found in Table 4 . *p = 0.05; **p = 0.06.
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